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Abstract 
Currently, Active learning is receiving attention as a method of teaching. In active learning, solve learning problems, there are
such research learning, the group discussion is one of the effective learning method. Usually we evaluated by questioning after
the lecture. But that's scarce in objectivity. So we propose objective evaluation method using biological-information (GSR, body
temperature, Heartbeat, etc. So we measure the student’s biological-information during active learning in this study, to analyze, 
to perform the development of a system to objectively analyze the degree of concentration. The instrument body temperature, 
skin electrical resistance, to measure the pulse wave at the same time. Aiming to support the efficient active learning by using
this result.
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1. INTRODUCTION
Currently, Active Learning (AL) is gathering attention as a method of education. AL, which is different from a 
passive lecture by teacher, is a general term of learning and teaching method that adopt the participatory learning. 
The object of active learning is to train a versatile ability including cognitive, ethical, social ability, culture, 
knowledge and experience through the participatory learning. In general AL includes a heuristic learning, solving 
problems, learning through experience, research learning. It's known that Group discussions, debates, group works 
and group discussion are effective method that students are learning in the classroom1. Teachers have to rate 
student’s performance by sending a questionnaire to students because the teachers are not able to grasp all of their 
performance at the same time. However, in this evaluation method, their performance is rated by their subjective 
opinion only. To improve this evaluation method, we measure the degree of concentration so that their performance 
is objectively rated. 
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Therefore, in this paper, we measure the student’s biological-information during active learning, to analyze, to 
perform the development of a system to objectively analyze the degree of concentration. The instrument body 
temperature, skin electrical resistance, to measure the pulse wave at the same time. Aiming to support the efficient 
active learning by using this result. 
AL, which is a learning method that students act on initiative, actively and corporately to solve and discover the 
problem, is able to encourage students to solve the problem by themselves. However, there are the issues that it is 
difficult to rate the student’s performance. In addition, teachers are not able to grasp whether students are 
concentrating, and are discussing with each other3.
 In previous study, in case of e-learning (EL), it is found that GSR is effectual for grasping the degree of 
concentration, thorough measuring GSR and pulse2. In this study, we measure the pulse and body temperature as the 
additional biological-information to analyze the degree of concentration in case of AL. We are aiming the 
miniaturization of a system by redesigning a part of measurement. In addition, this research targeted at group of 4 or 
5. The data transmission system use the one to many client/server system.  
2. Biological-information  
2.1. Biological-information 
The concentration of human is able to be measured by brain wave. Under state of tension, beta waves are 
generated, by contrast, under state of relaxing, alpha waves are generated. Alpha waves are able to be measured 
while the concentration is long-lasting. The parasympathetic nerve is measured to be predominant between 8 Hz and 
13Hz, and so symptoms, such as lowering of the heartbreak number and the body temperature, a constricted pupil, 
decreasing the time of breathing, is occurred. In addition, skin response on the wrist and brain wave indicate similar 
movement5.
GSR measure the change of skin electric resistance by sweating. There are two kinds of sweating: thermal 
sweating and mental sweating. In a measuring of a concentration degree, the change of GSR by mental thermal is 
used.  
 The GSR is declining by mental sweating. Also, the concentration is able to be measured by using a blood or 
saliva, but it takes time to analyze that result. Therefore, we measure the body temperature, GSR and the pulse. 
Moreover, we research these validity with concentration, and consider whether the concentration is possible to 
measure more easily. Measuring is conducted on the wrist to relieve stress. 
2.2. Measuring system  
A measuring system of biological information is necessity to measure the biological information. BIOPAC, 
which is the measuring system of biological information, is able to measure the brain wave, an electro-cardiogram 
and an electromyogram. Whereas, the measuring system is so expensive, in addition, it may provide a stress to 
people. Therefore, it is necessary to develop the measuring system which doesn’t provide a stress, doesn’t restrict a 
person’s activities and is cheap. In previous study, Fig.1 shows that biological information is measured by 
incorporating sensor in head phone. GSR is measured by putting sensor on a forehead. However, in this study, 
measurement is conducted by integration of wristband and sensor, because restraint of forehead may provide a stress 
to people. 
 Fig.2 shows simple measuring system which is made in previous study. It adopted Serial Communications which 
is using a USB cable. Fig.3 shows the measurement circuit. It consist of mbed and some sensor driver circuits. We 
are aiming a cordless, since a cord also provide a stress during AL. Simple measuring system in this study is 
codeless, moreover the data is stored in USB memory, but it is not able to measure in real time. Data transfer from a 
plurality of measuring system will be available by a one-to-multiple which is using Bluetooth. However, there are 
problem such as a lost data between communication devices. To solve this problem, we aim to protect the measuring 
data and preserve the dropping data by using the data transfer to a current USB memory. 
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Fig.1 A part of sensor                                                                  Fig2. Measuring system 
Fig.3 Measurement Circuit 
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Measurement of degree of concentration  
In previous study, student’s biological information is measured by using BIOPAC and Finometor, which is 
commercially available, moreover a causal relationship between the degree of concentration and biological 
information is proved. The measuring of GSR and body temperature are conducted for 20 minutes, which each 
mathematical question and break were repeated twice in experiments. Fig.4 shows the result that compares the 
simple measuring system and BIOPAC. As a result, a skin electrical resistance was conjugated in the same way. 
Therefore, it suggest that GSR is becoming lower during solving the questions (during concentrating), conversely, it 
is becoming higher during break or sleeping (during cannot concentrating). It is a symptoms of mental sweating, 
additionally, it is useful to decide the degree of concentrations2.
Fig.4 Comparison with simple measuring system and BIOPAC 
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3. Measurement of the developed system  
3.1. Hardware  
Fig. shows the measuring system, which is miniaturize and optimized than the previous circuit, that size could 
be reduced from 11×9[cm] to 4×9.5[cm]. Skin response on the wrist and brain wave indicate similar movement, 
hence, integrated wristband with sensor is used as shown in Fig.6. 
        
Fig.5 Measuring system        Fig.6 Integration of wristband and sensor 
3.2. Principle of pulse measuring  
Pulse wave is a wave motion when the pressure changes in the blood vessel, which is occurred when the blood is 
pushed into aorta by the contraction of the heart, is transmitted to peripheral direction. In this study, we develop the 
measuring system of pulse wave. 
The following is principle of pulse measuring in this study. Pulse wave detecting is classified as photoelectric and 
piezoelectric. Moreover, detection of photoelectric pulse wave is classified as permeable and reflecting. Hemoglobin 
in blood has a high absorbing spectrum to light of specific wavelength range. The light of this wavelength range is 
change in accordance with the amount of Hemoglobin. In permeable type, the measurement part (such as fingertip 
section) is putted between light-emitting part (such as infrared LED) and the light receiving part (such as 
phototransistor), pulse wave is detected by changing penetrating light to an electrical signal. In reflection type, a 
method which is sticking measurement point to the light receiving part and light-emitting part, is able to choose any 
measurement point. We adopt the reflection type in this study because there are many measurement points. 
Photorefrector RPR220 which is combined with phototransistor and infrared LED was used. 
3.3. Results  
The measuring are conducted for 20 minutes, which each mathematical question and break were repeated twice 
in experiments. Fig. shows result in this study that is same change of GSR with result in previous study. It suggest 
that GSR is becoming lower during solving the questions (during concentrating), conversely, it is becoming higher 
during break or sleeping (during cannot be concentrating). By contrast, Fig.8 shows that temperature is becoming 
higher. It seems that the cause of temperature rise is accumulation of heat in a wristband. Waveform both 
temperature and GSR are an average value for 5 minutes, because fluctuation of value from sensor is large. 
Fig.8 shows that peripheral skin temperature is changeable, thus, measurement is conducted on fingertip. In pulse 
measurement, a result of it was unstable, because the sensor sticks on skin. Accordingly, we will use elastomer resin 
to measuring element, so that we will heighten adhesion on skin. Elastomer resin has elasticity, a smooth texture and 
lower conductivity. 
Version.1 Version.3Version.2 GSR sensor
Thermo Pulse wave 
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Fig.7 Average value of GSR                          Fig.8 Average value of temperature 
Fig.9 Pulse waveform 
4. Project plan  
We will improve the sensor part. Measurement of GSR will be conducted on wrist. Measurement of temperature 
is obtained by   peripheral skin temperature. As for the measurement of pulse, we will select the site which is 
possible to reduce the stress in order to aim to adhere to the finger. 
  We will analyze the result of actual measurement. We will select the useful biological information by 
comparing the data of previous study, in addition, we will develop the simple measuring system which is able to 
measure several data. Simultaneously, we will improve the application based on the evaluation.  
  In recent years, JIN CO., LTD., which develop the glasses brand “JINS”, announce the glasses “JINS MEME” 
which is able to measure the fatigue degree of eye at work, the drowsiness during driving and the amount of activity. 
It has three types of sensors, three-point electrooculography sensors, three-axis accelerometer sensors and three-axis 
gyroscope sensors. Communication mode is Bluetooth Low Energy. JINS MEME can be obtain the data by 
connecting smartphone applications. We will verify the validity of relationship between concentration and 
biological-information by using the results, which are measured by the simple mearing system and a commercial 
wearable appliance such as JINS MEME.  
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5. Conclusions  
In order to evaluate the degree of concentration during AL, we suggested evaluating it by measuring the GSR, 
temperature and pulse. GSR was changed in proportion to the degree of concentration. Regarding the temperature 
and pulse, further work is needed. Therefore, we propose a system which is able to measure the degree of 
concentration by measuring the temperature and pulse on the fingertips. It seems that student’s concentration can be 
evaluated by using three biological-information.   We will verify the validity of relationship between concentration 
and biological-information by using the results, which are measured by the simple mearing system and a 
commercial wearable appliance such as JINS MEME. That's glasses had built-in the sensors which marketed in 
Japan. That can measure the possesses myoelectric potential around the eyes and some axis positions.  
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